Extruded Mg alloy plates of 6 mm thick of AZ61A grade were butt welded using advanced welding process and friction stir welding (FSW) processes. The specimens were exposed to salt spray conditions and immersion conditions to characterize their corrosion rates on the effect of pH value, chloride ion concentration, and corrosion time. In addition, an attempt was made to develop an empirical relationship to predict the corrosion rate of FSW welds in salt spray corrosion test and galvanic corrosion test using design of experiments. The corrosion morphology and the pit morphology were analyzed by optical microscopy, and the corrosion products were examined using scanning electron microscope and X-ray diffraction analysis. From this research work, it is found that, in both corrosion tests, the corrosion rate decreases with the increase in pH value, the decrease in chloride ion concentration, and a higher corrosion time. The results show the usage of the magnesium alloy for best environments and suitable applications from the aforementioned conditions. Also, it is found that AZ61A magnesium alloy welds possess low-corrosion rate and highercorrosion resistance in the galvanic corrosion test than in the salt spray corrosion test.
Introduction
Magnesium alloys have received extensive recognition due to their excellent physical properties, including light weight, high strength/weight ratio, high thermal conductivity, and good electromagnetic shielding characteristics; thus, become promising candidates to replace steel and aluminum alloys in many structural and mechanical applications due to their attractive mechanical and metallurgical properties [1, 2] . The joining of magnesium components made from this alloy is, however, still limited. Unfortunately, conventional fusion welding of magnesium alloys often produces porosity and hot cracks in the welded joint. This deteriorates both the mechanical properties and corrosion resistance [3, 4] . Hence, it will be of extreme benefit if a solid state joining process, that is, one which avoids bulk melting of the base materials, hot cracking, and porosity, can be developed and carried out for the joining of magnesium alloys.
FSW is a solid state welding process without emission of ration or dangerous fumes, and it avoids the formation of solidification defects like hot cracking and porosity. Moreover, it significantly improved the weld properties and had been extensively applied in the joining of magnesium alloys [5] . The application of Mg alloy in the structural members is still limited due to its conventional fusion welding resulting in many solidifications related problems such as hot cracking, porosity, alloy segregation, and partial melting zone. To overcome the previously said problems, FSW process had 2 International Journal of Metals been used which is a solid state autogenous process, and, hence, there are no melting and solidification defects.
However, the corrosion resistance of the Mg-based alloys is generally inadequate due to the low-standard electrochemical potential −2.37 V compared to the (SHE) standard hydrogen electrode [6] , and this limits the range of applications for Mg and its alloys. Therefore, the study of corrosion behavior of magnesium alloys in active media, especially those containing aggressive ions, is crucial to the understanding the corrosion mechanisms and, hence, to improving the corrosion resistance under various service conditions. Salt spray testing is the main technique for corrosion studies, which was employed in this research in an effort to expose the AZ61 Mg alloy to an environment similar to that experienced by automotive engine blocks [7] . It is well known that Mg alloys are susceptible to corrosion such as pitting and stress cracking corrosion (SCC). Major studies show that the SCC susceptibility of Mg alloys is increased in solutions containing chloride [8, 9] . The galvanic corrosion of magnesium using a (GCA) galvanic corrosion assembly which systematically investigates the influence of cathode materials the distance between anode and cathode, also for the anode/cathode area ratio. This study identified important effects such as the "alkalization, " "passivation, " poisoning, and shortcuts effect as well as the effectiveness of an insulating spacer in reduced galvanic corrosion [10] . It is well known that Mg alloys are susceptible to corrosion such as pitting and stress cracking corrosion (SCC). More studies show that the SCC susceptibility of Mg alloys is increased in solutions containing chloride [11, 12] . The welding process inevitably causes changes in the original microstructure of the alloy due to welding thermal cycles. These microstructural changes can affect the localized corrosion behavior of the alloy [13] . Thus, the present study contributed towards the galvanic effect of the friction stir welded AZ61A magnesium alloy weld in contact with AZ61A Mg base metal couple. Galvanic corrosion, which is originally defined as the enhanced corrosion between two or more electrically connected metals. It is one of the most common forms of corrosion considering the real world engineering structures [14] .
This research focused on comparing salt spray testing with galvanic corrosion testing, which are the two main techniques for the corrosion studies in an effort to expose the magnesium alloy and its welds to environments similar to those environments experienced for automotive and structural applications. Moreover, galvanic corrosion has never been investigated using identical couple electrodes; so in this present investigation, a new method is enhanced to predict the galvanic corrosion of FSW AZ61A Magnesium alloy. From the literature review, it was understood that most of the published information on corrosion behavior of Mg alloys was focused on general corrosion and pitting corrosion of unwelded base alloys. Very few investigations have been conducted so far on corrosion behavior of FSW joints of Mg alloys. The aim of this research is to investigate the occurrence of salt spray corrosion in FSW welds and galvanic corrosion in weld zone with parent alloy of AZ61A Mg alloy. Hence, the present investigation was carried out to study the effect of pH value, chloride ion concentration, and corrosion time on corrosion rate of AZ61A magnesium alloy welds and the galvanic couple.
Experimental Procedure

Test Materials.
The material used in this study was an AZ61A magnesium alloy in the form of an extruded condition and supplied in plates of 6 mm thickness. The chemical composition and mechanical properties of the base metal are presented in Tables 1(a) and 1(b). The optical micrograph of the base metal is shown in Figure 1 .
Fabricating the Joints and Preparing the Specimens.
The plate was cut to a required size (300 mm × 150 mm) by power hacksaw followed by milling. A square-butt joint configuration was prepared to fabricate the joints. The initial joint configuration was obtained by securing the plates in position using mechanical clamps. The direction of welding was normal to the extruded direction. Single pass welding procedure was followed to fabricate the joints. A nonconsumable tool made of high carbon steel was used to fabricate joints. An indigenously designed and developed computer numerical controlled friction stir welding machine (22 kW; 4000 RPM; 60 kN) was used to fabricate joints. The FSW parameters were optimized by conducting trial runs, and the welding conditions which produced defect-free joints were taken as optimized welding conditions. The optimized welding conditions used to fabricate the joints in this investigation are presented in Table 2 . From the base metal and welded joints, the corrosion test specimens were sliced to the dimensions of 50 mm × 16 mm × 6 mm shown in Figure 2 . The specimens were ground with 500 # , 800 # , 1200 # , 1500 # grit SiC paper. Finally, it was cleaned with acetone and washed in distilled water then dried by warm flowing air. The optical micrograph of the stir zone of the FSW joint of AZ61A magnesium alloy is shown in Figure 3. 
Finding the Limits of Corrosion Test Parameters.
From the literature [15, 16] , the predominant factors that have a greater influence on corrosion behavior of AZ61A magnesium alloy are identified. They are (i) pH value of the solution, (ii) exposure time, and (iii) chloride ion concentration. Large numbers of trial experiments were conducted to identify the feasible testing conditions using friction stir welded AZ61A magnesium alloy joints under galvanic test conditions. The following inferences are obtained.
(1) If the pH value of the solution was less than 3 therefore, the change in chloride ion concentration did not considerably affect the corrosion.
(2) If the pH value was between 3 and 11 therefore, there were inhibition of the corrosion process and stabilization of the protective layer.
(3) If the pH value was greater than 11 therefore, blocking of further corrosion by the active centers of the partially protective layer. (6) If the chloride ion concentration was greater than 1 M therefore, the rise in corrosion rate slightly decreased a little.
(7) If the exposure time was less than an hour therefore, the surface would be completely covered with thick and rough corrosion products.
(8) If the exposure time was between 1 and 9 hours therefore, the tracks of the corrosion could be predicted.
(9) If the exposure time was greater than 9 hours therefore, the tracks of corrosion film were difficult to identify.
Developing the Experimental Design Matrix.
Owing to a wide range of factors, the use of three factors and central composite rotatable design matrix was chosen to minimize the number of experiments. The assay conditions for the reaction parameters were taken at zero level (center point) and one level (+1) and (1). The design was extended up to a ± (axial point) of 1.68. The center values for variables were carried out at least six times for the estimation of error and single runs for each of the other combinations; twenty runs were done in a totally random order. The design would consist of the eight corner points of the 2 3 cube, the six star points, and m center points. The star points would have = 8 ∧ (1/4) = 1.682. Design matrix consisting of 20 sets of coded conditions (comprising a full replication three factorial of 8 points, six corner points, and six center points) was chosen in this investigation. Table 3 represents the ranges of factors considered, and Table 4 shows the 20 sets of coded and actual values used to conduct the experiments. For the convenience of recording and processing experimental data, the upper and lower levels of the factors were coded here as +1.682 and −1.682, respectively. The coded values of any intermediate values could be calculated using the following relationship: where is the required code values of a variable , and is any values of the variable from min to max ; min is the lower level of the variable, and max is the upper level of the variable.
Salt Spray Corrosion Test (Recording the Response).
Solutions of NaCl with concentrations of 0.2 M, 0.361 M, 0.6 M, 0.838 M, and 1 M were prepared. The pH values of the solutions were maintained as pH 3, pH 4.619, pH 7, pH 9.38, and pH 11 with concentrated HCl and NaOH, respectively. The pH value was measured using a digital pH meter. The test method consists of exposing the specimens in a salt spray chamber as per ASTM B 117 standards and evaluating the corrosion tested specimen with the method as per ASTM G1-03. Basically, the salt spray test procedure involves the spraying of a salt solution onto the samples being tested. This was done inside a temperature controlled chamber. The glass racks were contained in the salt fog chamber (3 high, 3 deep, and 5 wide). The samples under test were inserted into the chamber, following which the salt-containing solution was sprayed as a very fine fog mist over the samples. NaCl in tapped water was pumped from a reservoir to spray nozzles. The solution was mixed with humidified compressed air at the nozzle, and this compressed air and atomized the NaCl solution into a fog at the nozzle. Heaters were maintained at 35 ∘ C cabinet temperature. Within the chamber, the samples were rotated frequently so that all samples were exposed uniformly to the salt spray mist. Since the spray was continuous, the samples were continuously wet and therefore, uniformly subjected to corrosion. The corrosion rate of the friction stir welded AZ61A alloy specimen was estimated by weight loss measurement. The original weight ( ) of the specimen was recorded, and then the specimen was sprayed with the solution of NaCl for different spraying times of 1, 2.62, 5, 7.38, and 9 hours. The corrosion products were removed by immersing the specimens for one minute in a solution prepared by using 50 gm chromium trioxide (CrO 3 ), 2.5 gm silver nitrate (AgNO 3 ), and 5 gm barium nitrate (Ba(NO 3 ) 2 ) in 250 mL distilled water. Finally, the specimens were washed with distilled water, dried, and weighed again to obtain the final weight ( 1 ). The weight loss ( ) can be measured using the following relation:
where is weight loss in grams, is original weight before test in grams, and 1 is final weight after test in grams.
The corrosion rate of FSW joints of AZ61A was calculated by using the following equation as per the ASTM standards B117:
where is weight loss in grams, is surface area of the specimen in cm 2 , is density of the material (1.72 gm/cm 3 ), and is spraying time in hours.
Galvanic Corrosion Test (Recording the Response).
The test method consisted of exposing the specimens in a specially designed apparatus as per ASTM G 82-98 standards and evaluating the corrosion tested specimen with the method as per ASTM G 102-89. The galvanic samples were prepared in the following way. A saturated calomel electrode and graphite electrode were used as the reference and auxiliary electrode, respectively. The working electrodes were the friction stir welded AZ61A magnesium alloy welds coupled with AZ61A magnesium alloy base metal. An electrical contact was made between the galvanic couple, where a Teflon insulation of the same thickness was inserted between the electrodes to avoid the direct contact between the electrodes. The galvanic couple was immersed in NaCl solution with different pH and chloride ion concentration for different immersion times of 1, 2.62, 5, 7.38, and 9 hours. When the mixed potential theory was applied to the individual reactions, the uncoupled corrosion rates were corr (A) for AZ61A magnesium alloy base metal and corr (B) for AZ61A friction stir welds. When equal areas of AZ61A Mg base metal and AZ61A friction stir welds were coupled, the resultant mixed potential of the system corr (AB) was at the intersection where the total oxidation rate equals the total reduction rate. The rate of oxidation of the individual coupled metals was such that the base metal corroded at a reduced rate corr (A), and AZ61A friction stir welds corroded at an increased rate corr (B). Hence, the AZ61A friction stir weld acts as an anode, and AZ61A base alloy acts as a cathode. Half-cell reactions were carried out constituting a single cell. Thus, the current corr (AB) was the galvanic current which can be measured by a zero resistance ammeter (ZRA). Free corrosion potential of both metals was found individually and from the potential difference; FSW AZ61A magnesium alloy was considered to be an anode, because of its more negative potential than AZ61 base alloy, where the latter was the cathode. Corrosion current values may be obtained from the ZRA measurements. The corrosion rate can be calculated using Faraday's Law in terms of penetration rates as follows:
where is corrosion constant ( is 0.00327 if corrosion rate in (mm/yr)), corr is current density in mA/cm 2 , EW is equivalent weight of the alloy, and is density of the FSW AZ61A alloy (1.72 gm/cm 3 ).
2.7.
Metallography. Microstructural analysis of the corroded specimens was carried out using a light optical microscope (Union Optics, Japan; model: Versamet-3) incorporated with an image analyzing software (Clemex-vision). The exposed specimen surface was prepared for the microexamination in the "as polished" conditions. The corrosion test specimens were polished in disc-polishing machine with minor polishing, and the surface was observed at 200x magnification. The corrosion products were analyzed by SEM-EDX and XRD analysis.
Developing an Empirical Relationship
The response surface methodology (RSM) approach was adopted in this study because of its following advantages:
(1) the ability to evaluate the effects of interactions between tested parameters and (2) the benefit of limiting the number of actual experiments to be carried out, in comparison to a classical approach for the same number of estimated parameters [17] [18] [19] [20] . In the present investigation, to correlate the potentiodynamic polarization test parameters and the corrosion rate of AZ61A welds, a second-order quadratic model was developed. The response (corrosion rate of AZ61A welds) is a function of pH values ( ), exposure time ( ), and chloride ion concentration ( ), and it could be expressed as corrosion rate = ( , , ) .
In order to study the combined effects of these parameters, experiments were conducted at different combinations using statistically designed experiments. The empirical relationship must include the main and interaction effects of all factors and hence the selected polynomials are expressed as follows:
For three factors, the selected polynomial could be expressed as
where 0 is the average of responses (corrosion rate), and 1 , 2 , 3 . . . 11 , 12 , 13 . . . 22 , 23 , 33 are the coefficients that depend on their respective main and interaction factors, which are calculated using the expression given as follows:
where " " varies from 1 to , in which is the corresponding coded value of a factor, is the corresponding response output value (corrosion rate) obtained from the experiment, and " " is the total number of combinations considered. All the coefficients were obtained applying central composite rotatable design matrix including the Design Expert statistical software package. After determining the significant coefficients (at 95% confidence level), the final relationship was developed including only these coefficients. The final empirical relationship obtained by the above procedure to estimate the corrosion rate of friction stir welds of AZ61A magnesium alloy is given as follows.
Salt spray corrosion test, 
Checking the Adequacy of the Model Salt Spray Testing.
The Analysis of Variance (ANOVA) technique was used to find the significant main and interaction factors. The results of the second-order response surface model fitting in the form of Analysis of Variance (ANOVA) are given in Table 5 . The determination coefficient ( 2 ) indicated the goodness of fit for the model. The model value of 31.30 implies the model is significant. There is only a 0.01% chance that a "model value" this large could occur due to noise. Values of "Prob > " less than 0.0500 indicate that model terms are significant. In this case , , , implies that the lack of fit is not significant relative to the pure error. There is a 28.93% chance that a "lack of fit value" this large could occur due to noise. Nonsignificant lack of fit is good. The "Pred R-Squared" of 0.8176 is in reasonable agreement with the "Adj -Squared" of 0.9349. "Adeq Precision" measures the signal to noise ratio. ratio greater than 4 is desirable. Our ratio of 19.440 indicates an adequate signal. All of this indicated an excellent suitability of the regression model. Each of the observed values compared with the experimental values are shown in Figure 4. 
Checking the Adequacy of the Model Galvanic Corrosion
Testing. The Analysis of Variance (ANOVA) technique was used to find the significant main and interaction factors. The results of second-order response surface model fitting in the form of Analysis of Variance (ANOVA) are given in Table 6 . The determination coefficient (
2 ) indicated the goodness of fit for the model. The model value of 27.66 implies the model is significant. There is only a 0.01% chance that a "model value" this large could occur due to noise. Values of "Prob > " less than 0.0500 indicate that model terms are significant. The "lack of fit value" of 2.39 implies that the lack of fit was not significant relative to the pure error. There was an 18.08% chance that a "lack of fit value" this large could occur due to noise. Nonsignificant lack of fit is good. The "PredSquared" of 0.7763 is in reasonable agreement with the "Adj -Squared" of 0.9266. "Adeq Precision" measures the signal to noise ratio. ratio greater than 4 is desirable. Our ratio of 21.393 indicates an adequate signal. Each of the observed values compared with the experimental values are shown in Figure 5 , and it had a good agreement between the observed values and the experimental values. Figure 6 shows the graph representing the effect of pH on corrosion rate during salt spray testing and galvanic corrosion testing. For both corrosion tests, the graph shows clearly that the corrosion rate decreased with the increase in pH value. At every chloride ion concentration and immersion time, the FS welds usually exhibited a decrease in corrosion rate with increase in pH. In neutral pH, the corrosion rate remained approximately constant, and comparatively low corrosion rate was observed in alkaline solution. It was seen that the influence of pH was more at higher concentration as compared to lower concentration in neutral and alkaline solutions.
Results and Discussion
Effect of pH on Corrosion Rate.
On comparing the corrosion rate of both, the corrosion tested specimen was represented as bar diagram in Figure 7 . It was found that the corrosion rates obtained from the salt spray testing were much higher than the rates obtained from the galvanic corrosion tests. This was due to spraying effect where recycling of the solution could not be taken into account, while in galvanic corrosion testing; there is a substantial increase in the pH of the solution during immersion testing causing alkalization or basification of the solution with the increase in reactivity and time. Thus, the corrosion rate was much higher in salt spray testing than in the galvanic corrosion testing. So, the couple were galvanically a good couple, and can be suitable for good applications [20] [21] [22] . Figure 8 shows the effect of pH on pit morphology of the corroded specimen exposed in 0.6 M concentration of NaCl for 5 hours with different pH values of pH 3, pH 7, and pH 11 for both salt spray testing and galvanic corrosion testing. During salt spray testing, the density of the pit formed in exposing lower pH (acidic) solution is quite high, compared with the neutral and alkaline solution. It was observed that the matrix shows the pitting marks and the pitting corrosion that has taken place at the friction stir welded microstructure. The particles are Mn-Al compound and fragmented Mg 17 Al 12 . The numbers of pits were more in the joints when it is sprayed with the solution of low pH. Hence, the corrosion rate increases with the decrease in pH value. Since the increase of grain and grain boundary in the joints, the grain boundary acts cathodic to grain causing a microgalvanic effect. The presence of microgalvanic effect between the phase and the phase that formed was due to the presence of aluminum. During galvanic corrosion tests, the grain boundaries of the anodic specimen got attacked, and its gravity varies with the parameters used in the experiment. Corrosion tends to be concentrated in the area adjacent to the grain boundary until eventually the grain may be undercut and fall out [23] . Figure 9 shows the graph representing the effect of chloride ion concentration on corrosion rate during salt spray testing and galvanic corrosion testing. However, it was observed that, with the increase in chloride ion concentration, the rising rate of corrosion rate decreased. The increase in corrosion rate with increasing chloride ion concentration may be attributed to the participation of chloride ions in the dissolution reaction for both corrosion tests [24] . Figure 10 represents the comparison chart for the corrosion rate obtained from both corrosion tests. This is consistent with the detailing of the protective layer. With the increase of chloride ion concentration, the protective layer Mg(OH) 2 changed into soluble MgCl 2 layer in salt spray corrosion and Mg(OH)Cl 2 in galvanic corrosion. The corrosion rate was quite higher in salt spray corrosion test than in the galvanic corrosion test. It states that the MgCl 2 was highly soluble compared to Mg(OH)Cl 2 . Figure 11 shows the effect of chloride ion concentration on pit morphology of the corroded specimen exposed in pH 7 for 5 hours with different chloride ion concentration of 0.2 M, 0.6 M, and 1 M for both salt spray testing and galvanic corrosion testing. During salt spray testing, it showed that the alloy exhibited a rise in corrosion rate with the increase in Cl − concentration and thus, the change of Cl − concentration affected the corrosion rate much more in higher concentration solutions than that in lower concentration solutions. When more Cl − in NaCl solution promoted the corrosion, the corrosive intermediate (Cl − ) would be rapidly transferred through the outer layer and reache the substrate of the alloy surface. Hence, the corrosion rate increased [20] . But in galvanic corrosion tests, the anodic specimen exhibited a rise in corrosion rate with increase in Cl − concentration and thus, the change of Cl − concentration affected the corrosion rate much more in higher concentration solutions than that in lower concentration solutions. Chloride ions were aggressive for magnesium. The adsorption of chloride ions to oxide covered magnesium surface transformed Mg(OH) 2 to easily soluble MgCl 2 . It was considered that the corrosion becomes severe owing to the penetration of the hydroxide film by Cl − ion and thereby caused the formation of metal hydroxyl chloride complex which governed the following reaction: Figure 12 shows the graph representing the effect of corrosion time on corrosion rate during salt spray testing and galvanic corrosion testing. During salt spray testing, the graph shows clearly that the corrosion rate was decreased with the increase in exposure time. It resulted in an increase in hydrogen evolution with the increasing exposure time, which tends to increase the concentration of OH − ions strengthening the surface from causing further corrosion. Thus, the rate of corrosion decreases with the increase in corrosion time. During galvanic corrosion testing, the corrosion rate decreases with the increase in immersion time. The increase in immersion time enhanced the tendency to form the corrosion products, which accumulated over the surface of the samples. These corrosion products in turn depressed the corrosion rate due to the passivation in the medium immersion [25] . It resulted in an increase in hydrogen evolution with the increasing immersion time, which tends to increase the concentration of OH − ions strengthening the surface from causing further corrosion. The strength of the electrolyte reduces from acidity to alkalinity with the increase of time.
Effect of Chloride Ion Concentration on Corrosion Rate.
Mg 2+ + 2H 2 O + 2Cl − → 2Mg(OH) 2 Cl 2(11)
Effect of Corrosion Time on Corrosion Rate.
This is attributed to corrosion occurs over an increasing fraction on the surface leaving the white flakes, which is the insoluble corrosion product [24] . The insoluble corrosion products on the surface of the alloy could slow down the corrosion rate: Figure 13 shows the comparison of the corrosion rate obtained during the salt spray and galvanic corrosion test. With the increase of corrosion time the corrosion rate decreases for both specimens. It proved that the protective layer made a predominant role to strike against corrosion with the increment of time. The corrosion rate seems higher in salt spray corrosion test due to the spraying effect, while in immersed condition, the protective layer formed during galvanic corrosion was enhanced by the alkalization of the solution. Figure 14 shows the effect of corrosion time on pit morphology of the corroded specimen exposed in pH 7 with chloride ion concentration of 0.6 M NaCl exposed, 1 h, 5 h, and 9 h for both salt spray testing and galvanic corrosion testing. The mode of microstructural features was comparatively the same during corrosion testing for both tests as its corrosion time is taken into account. The FS welded specimens possess refined grain, and quite a lot of particles were distributed continually along the grain boundary.
In this case, phase particles cannot be easily destroyed and, with the increase of corrosion time, the quantity of phases in the exposed surface would increase and finally play the role of corrosion barrier [26] . Although there are some grains of phase still being corroded, most of the remaining phase grains are protected under the phase barrier, so the corrosion rate decreased with the increase in corrosion time. Thus, the corrosion morphology of the alloy was predominantly controlled by the phase distribution [27] . Figure 15 shows the surface texture of the specimens that underwent salt spray corrosion and galvanic corrosion tests which were observed under SEM as corrosion time was a factor. Figure 15(a) shows the specimens exposed to 1 hour comprised of more localized attack. With corrosion time as a factor, the less spraying time tends to attack more locally on the surface, and later, it penetrates to the substrates, causing higher corrosion behavior and corrosion rate. It was redeems to spalling of corrosion products. Thus, serious pitting occurred in the surface of the weldment with less exposure time for both corrosion-tested specimens. The quantity of corrosion products formed was quite comparably larger in the galvanic corrosion test caused due to immersion. Figure 15 (b) shows the specimens exposed to 9 hours composed of more corrosion products. With the increase in corrosion time, the hydroxide layer formed is the dominant factor to avoid further corrosion. This is attributed to corrosion occurring over an increasing fraction of the surface, which is the insoluble corrosion product, Mg(OH) 2 . Thus, the corrosion rate decreases with the increase of corrosion time. It was observed that the corrosion products were thick and adherent in the specimen that underwent galvanic corrosion test while the specimen that underwent salt spray test exhibited lamellar corrosion products, which seems higher attack and less protective. This showed higher corrosion rate in the salt spray test than the galvanic corrosion test. Figure 16 shows the XRD analysis to predict the composition of corrosion products and phase in the specimen subjected to salt spray and galvanic corrosion tests. Figure 16(a) shows that the specimen underwent the salt spray corrosion test; the characteristic peaks originate from the metallic Mg substrate and the phase. The detected number of peaks relates to the phase (Mg 17 Al 12 ) which is higher in its intensities. It symbolizes the hydroxide layer which finds it hard to form during the salt spray corrosion test due to its spraying effects. However, Mg(OH) 2 and MgO phases are detected in Figure 16(b) , where the specimen underwent the galvanic corrosion test; Mg(OH) 2 is the dominant product in the corrosion zone of the anodic specimen that underwent the galvanic corrosion test. Mg(OH) 2 (brucite) has a hexagonal crystal structure and easily undergoes basal cleavage causing cracking and curling in the film, which could play a major role in reducing the corrosion behavior and the corrosion rate. It signifies during immersion that the alkalization effect tends to strengthen the formation of the hydroxide layer.
SEM and XRD Analysis.
Conclusions
(1) A mathematical model has been developed here to predict the corrosion rate using salt spray tests and galvanic corrosion with a 95% confidence level. The corrosion rates obtained were quite different in both tests; it found that, the corrosion rate was much higher in salt spray test than in the galvanic corrosion test. (2) In this investigation, it was proved from both tests, for every pH value; that the FS weld metal exhibited a rise in corrosion rate with decrease in pH value. In the neutral pH, the corrosion rate remained approximately constant in neutral solutions, and a comparatively low corrosion rate was observed in alkaline solutions. (3) Chloride ions were aggressive on magnesium alloy.
The adsorption of chloride ions to oxide covered the magnesium surface and transformed Mg(OH) 2 to easily soluble MgCl 2 in salt spray corrosion testing while in galvanic corrosion testing, it readily formed Mg(OH) 2 Cl 2 due to the immersion criterion. (4) It resulted in an increase in hydrogen evolution with the increasing corrosion time, which tended to increase the concentration of OH − ions; thereby, an increasing fraction of the surface was observed, which is the insoluble corrosion products. The insoluble corrosion products on the surface of the alloy could slow down the corrosion rate.
(5) In this investigation, it was found that the corrosion rate obtained from the salt spray tests was much higher than the rates obtained from the galvanic corrosion tests. It was due to spraying effect where stagnation of the solution could not be taken into account while in galvanic corrosion testing, there is a substantial increase in the pH of the solution during corrosion reactions due to the migration of ions in the electrolyte under immersion. The corrosion rate of galvanic couple ranges from 0.03 to 0.06 mm/yr, which is quite negligible, and shows excellent property of corrosion resistant as per corrosion handbooks and guides. So, the couple were galvanically a good couple, and they can be suitable for good applications. 
